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Mechanical NMR 2.0 
Mark F. Masters, Ph.D. and Jacob Millspaw, Ph.D 
Department of Physics, IPFW, Fort Wayne IN 46805 
Previous Mechanical Analog of NMR (version 1.0) 
In an earlier project, we had built a mechanical analog of an 
NMR.  This system consisted of a plastic sphere with embedded 
magnets (to provide magnetic moment) which was spun through 
turbine torque of the air bearing.  A guide D.C. magnetic field 
was provided by moveable large plate magnets.  The varying field 
was provided by a pair of coils near the air-bearing.  We drove 
the coils using a square wave generated by a relay and a battery.   
PSoC or Programmable System on a Chip: The Cypress 
PSoC is a mixed signal device.  It is FPGA – like in that it allows 
you to configure elements of the chip.  It is not simply a 
microprocessor but a microprocessor plus analog and digital 
capabilities.  Using the analog and digital capabilities free up the 
processor for other tasks.   
 
We built this prototype around a development kit.  We will soon 
be designing and populating a circuit board to complete the 
project.   
Signals: Sweeping Guide Field: In this investigation, we 
set the AC coil signal to some frequency (480mHz).  We then 
move the plate magnets in to increase the magnetic field 
strength.  Eventually the sphere moves into resonance which 
we detect by means of a magnetometer (fed into a Vernier 
A/D).  The AC signal is a rectified sine function and a crossover 
relay is used to invert the signal for every half cycle.   
      
Sheet magnets 
Air bearing and 
coils 
Air pump 
Function generator 
Don’t leave data 
collection until the 
last minute!  You 
get rotten data! 
Mechanical NMR 2.0 is intended to improve upon the 
previous version by providing different “modes” of operation 
such as a frequency scanning, pulse, and more finely adjustable 
frequency.  It also drives the coils with a sinusoid rather than 
with a square wave.  We built this control system around a PSoC 
microcontroller.   
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This horrific mess is the 
drive system.  It includes 
the PSoC1 development 
board , the second 
board has a driver chip 
to supply current and 
the relay to change 
polarity of the signal 
every half cycle.    
Sample of waveform 
generated by the PSoC.  It 
uses a 24kHz pulse width 
modulated, filtered signal 
to produce the rectified 
waveform.   
Raw signal 
from 
magnetometer 
RMS signal.  
The double 
peak is likely 
because the 
sphere slows 
down as it 
moves into 
resonance. 
Signals: Sweeping AC Field: In this investigation, the 
static field is kept constant and we vary the frequency of the AC 
field.  This is tricky because the sphere has a limited response 
time so you cannot sweep too rapidly.  The microcontroller 
allows you to choose how many cycles at a specific frequency.    
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Signals: pulsed AC Field: In this investigation, the AC field 
is pulsed.  But a pulse consists of a number of cycles.  
A rapidly swept AC field.  
In reality the AC field 
consists of a number of 
cycles a given frequency 
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What’s next? Further refinement, A/D acquisition on board 
with computer communication.    
It Works!?  As can be seen, the device works reasonably well.  
It certainly gives students a more visual model of what goes on 
in NMR.      
Contact Mark Masters at masters@ipfw.edu 
